Abstract: Juralibellula ningchengensis gen. nov., sp. nov., type species of the new family Juralibellulidae, is the oldest record of the clade Cavilabiata. As sister group of the Neobrachystigmata in the new clade Paraneobrachystigmata, it demonstrates the presence of this relatively much derived subclade in the Middle Jurassic, suggesting a great antiquity for the Cavilabiata.
Introduction
The very diverse dragonfly clade Cavilabiata (former 'libelluloids') is also currently considered as one of the most recently diversified of the suborder Anisoptera, with the oldest known taxa dated from the Late Jurassic (Aeschnidiidae, Nannogomphidae, and Juracorduliidae) FLECK & NEL 2003) . This group greatly diversified during the Early Cretaceous, and the first representative of the most 'derived' family Libellulidae is dated from the Turonian (FLECK et al. 1999) . The lack of knowledge on libelluloids older than the Late Jurassic was enigmatic, as the oldest Anisoptera are recorded from the Early Jurassic. In fact little is known on the Middle Jurassic Anisoptera.
Here we describe a new well-preserved fossil of Cavilabiata attributable to a new family, genus and species, collected from the Daohugou Village, Wuhua Town, Ningcheng County, Inner Mongolia, China; Jiulongshan Formation, Middle Jurassic (ca. 165 Ma) (Fig. 1) . The Daohugou fauna includes hundreds adult or larval Isophlebioptera and Aeshnoptera (dragonflies). Except for a larva with cavilabiatan spoonshaped mask, the new fossil is the first record of advanced Cavilabiata in this formation and the Middle Jurassic too.
The geology and stratigraphy of the Jiulongshan Formation is extensively studied in ZHANG et al. (2006 ) or LIU et al. (2006 . The nomenclature of the dragonfly wing venation used in this paper is based on the interpretations of RIEK (1976) and RIEK & KUKALOVÁ-PECK (1984) , as amended by NEL et al. (1993) and BECHLY (1996) . The higher classification of fossil and extant Odonatoptera is based on the phylogenetic system of BECHLY (1996) because it is the only recent one that integrates the fossil taxa.
Systematic palaeontology
Order Odonata FABRICIUS, 1793 Clade Cavilabiata BECHLY, 1996 Subclade Eubrachystigmata BECHLY, 1996 Family Juralibellulidae n. fam. Material: Holotype only.
Diagnosis: As for the family.
Description: Thorax 11 mm long, 7 mm wide. Wings hyaline; forewing 32.0 mm long, 9.25 mm wide, distance from base to arculus 3.1 mm, from arculus to nodus 13.1 mm, from nodus to pterostigma 8.0 mm, from pterostigma to wing apex 5.9 mm; pterostigma not parallel sided, 3.0 mm long, 0.9 mm wide, covering two cells, pterostigmal brace weak, but oblique; Ax1 not preserved, at least two antenodal crossveins basal of Ax2; Ax2 just basal of distal angle of hypertriangle; eight antenodal crossveins of first row and of second row distal of Ax2, not aligned; seven crossveins between RA and RP basal of base of RP3/4, distal part of antesubnodal area free of crossveins; area between RP and IR2 basal of subnodus free of crossvein; base of RP3/4 9.2 mm from arculus; base of RP2 aligned with subnodus; one oblique vein 'O' four cells distal of subnodus; six postnodal crossveins, not aligned with the five postsubnodal crossveins; median space free; submedian probably free, only crossed by CuP; subdiscoidal space crossed by a rather weak PsA and another crossvein; hypertriangle free; arculus rather straight; posterior part (crossvein) of arculus distinctly shorter than anterior part [RP & MA] ; distance between arculus and discoidal triangle 1.2 mm; discoidal triangle three-celled, transverse but broad, with basal side 2.5 mm long, anterior side 2.0 mm submedian space free, only crossed by CuP; subdiscoidal space crossed by a rather weak PsA and another crossvein; hypertriangle free; arculus rather straight; posterior part (crossvein) of arculus distinctly shorter than anterior part [RP & MA] ; distance between arculus and discoidal triangle 1.0 mm; discoidal triangle three-celled, elongate but broad, with basal side 2.0 mm long, anterior side 2.7 mm long, distal side 2.4 mm long; about ten or eleven rows of cells in broad anal area; anal margin rounded (female); anal loop large, transverse elongate, quadrangular, divided into nine cells by a zigzagged rudimentary midrib; basal CuA before its branching distinctly prolonged but straight, 1.8 mm long; hind wing CuAa with five posterior branches, distinctly curved towards hind margin; terminal branch of CuAa secondarily branched on CuA; cubital area with ten rows of cells between CuA and posterior wing margin; area between MP and CuA basally widened with two rows of cells; MP weakly curved, ending on posterior wing margin well distal of nodus level; postdiscoidal area with three rows of cells distal of triangle; no Mspl; MA and RP3/4 distinctly curved and strictly parallel up to hind margin; no clear Rspl; no basal furcation of IR2 basal of lestine oblique vein; area between IR2 and RP2 distally broadened; IR1 weak.
Discussion: This fossil falls in the Cavilabiata BECHLY, 1996 because of the following synapomorphies: distal part of antesubnodal area free of crossveins ('cordulegastrid gap'); gaff (= basal CuA before its branching) of hind wing at least slightly prolonged; RP3/4 and MA slightly undulating in both pairs of wings; but not in the Cordulegastrida Bechly, 1996 because of the following characters: wings without a basal furcation of IR2 basal of lestine oblique vein; discoidal triangles of different shape in fore-and hind wings. On the contrary, Juralibellula gen. nov. falls in the Cristotibiata BECHLY, 1996 because of the following characters: pterostigmata not parallel sided (distal side more oblique than basal side), and rather stout with length less than eight times width; forewing nodus shifted distinctly distal of midwing position; hind wing CuAa shortened, with only five posterior branches; anal loop at least elongated and enlarged, with eight cells and a midrib (BECHLY 1996) . Affinities with the Neopetaliidae TILLYARD & FRASER, 1940 are excluded because Juralibellula has not the apomorphies of this family, viz. intercalary vein IR1 secondarily long and straight and forked; discoidal triangles of similar elongate shape in both pairs of wings. On the contrary, Juralibellula has the synapomorphies of the Brachystigmata BECHLY, 1996, i.e. wings with relatively short pterostigmata that cover only two complete cells; hind wing gaff (= basal CuA before its branching) strongly prolonged; area between MP and CuA basally widened with two rows of cells; terminal branch of CuAa secondarily branched on CuA; RP3/4 and MA strictly parallel up to hind margin; area between RP2 and IR2 distally distinctly widened, with more than one cell row in distal half. Affinities with the Late Jurassic Nannogomphidae BECHLY, 1996 are excluded because Juralibellula has not their synapomorphy, i.e. 'in both pairs of wings Ax1 and Ax2 relatively close together with not more than one secondary antenodal crossvein between them'. Also the hind wing anal loop of Juralibellula is much more developed than those of the Nannogomphidae . On the contrary, Juralibellula falls in the Eubrachystigmata BECHLY, 1998 (synapomorphy: hind wing CuAa distinctly curved towards hind margin, and thus further shortened). Affinities with the Jurassic Hemeroscopidae PRITYKINA, 1977 are excluded because the discoidal triangles of Juralibellula are not of similar elongate shape in both pairs of wings and unicellular, and its anal loop is not transversely elongated. Neobrachystigmata BECHLY, 1998 are characterized by their arculus not distinctly angled but more or less straight, posterior part (crossvein) of arculus distinctly shorter than anterior part [RP & MA] , and hind wing MP distinctly curved towards hind margin and thus somewhat shortened, ending basal of level of nodus. If the first and second characters are present in Juralibellula, it is not the case for the third.
Within this clade, affinities with the Chlorogomphida BECHLY, 1996 (Cretaceous Araripechlorogomphidae and recent Chlorogomphoidea) are excluded because Juralibellula has not the following synapomorphies: hypertriangles much longer than discoidal triangles in both pairs of wings, discoidal triangle more transverse in hind wing, and its CuAa has retained five posterior branches instead of 2-3 in this clade (FRASER 1957; BECHLY & UEDA 2002) . Also Juralibellula does not fit into its sister group Paneurypalpidomorpha Bechly, 1998 (Late Jurassic Juracorduliidae BECHLY and Eurypalpidomorpha) because it has not their synapomorphies: in both pairs of wings Ax1 and Ax2 relatively close together with not more than one secondary antenodal crossvein between them; lestine oblique vein only 1-2 cells distad of subnodus in both pairs of wings. Also, the CuAa of Juralibellula has retained five posterior branches instead of 2-3 in the Juracorduliidae (BECHLY 1998). Nevertheless, Juralibellula has its forewing discoidal triangle distinctly transverse, which is a synapomorphy of the Paneurypalpidomorpha. Affinities with the Eurypalpidomorpha BECHLY, 1996 are excluded because the hind wing elongated gaff of Juralibellula (= basal CuA before its branching) is not sigmoidally curved, its CuAb is not shifted very far distally, and its CuAa has five posterior branches.
In conclusion, Juralibellula is a Eubrachystigmata that does not belong to the Hemeroscopidae, but to the lineage of the Neobrachystigmata. We consider that it represents the sister group of this last clade. Juralibellula is a relatively advanced Cavilabiata, suggesting a very great antiquity for the whole clade, and showing that it was already very diverse during the Middle to Late Jurassic.
